Abstract: Willgerodt-Kindler reaction between anilines and benzaldehydes readily proceeded in the presence of catalytic amount of Na 2 S·9H 2 O to give thiobenzanilides in moderate to good yields. The base catalyst was also available for preparation of primary thiobenzamide.
Thioamides have been used in the field of medical and organic chemistry; 1,2 aromatic thioamides have been notably valuable building blocks for preparation of biologically relevant five-and six-membered heterocycles. Thioamides have also attracted recent attention in inclusion chemistry, transition-metal coordination chemistry, and material chemistry. The Willgerodt-Kindler (WK) reaction is extensively used to synthesize various thioamides.
1f,4 However, to our knowledge, there have been only a few reports on the preparation of aromatic thioamides such as thiobenzanilide using WK reaction, 5 and the yields have been low unless severe reaction conditions or microwave techniques are employed. 6 Thiobenzanilide and its derivatives have generally been prepared by thionation of the corresponding benzanlides with Lawesson's reagent or P 2 S 5 .
7 To dissolve the limitation of WK reaction, we have carried out the modification of the reaction conditions and found that addition of catalytic amount of base such as Na 2 S•9H 2 O was efficient for the preparation of thiobenzanilides. There have been a few reports that addition of bases raised yields in WK reactions, 8 however, a usability of base catalysts for synthesis of thiobenzanilides has not been examined. We here report the efficient modification of WK reaction for preparation of thiobenzanilides, as shown in Scheme 1. The synthetic protocol is also available for preparation of primary thiobenzamide. The reaction of benzaldehyde with aniline and 4-anisidine in the presence of sulfur under the conditions of the conventional WK reaction afforded the corresponding thiobenzanilides in low to moderate yields (15% and 39% yields respectively, as shown in Scheme 2); these results are consistent with reported literatures. 5a,5c The first step of WK reaction is considered to involve cleavage of the S-S bond of elemental sulfur caused by nucleophilically attack of amine to form polysulfide anions in a reversible way. 4 The less basic amines such as aniline is considered to hardly lead to the formation of the polysulfide anions. In contrast, addition of a small amount (5 mol%) of Na 2 S•9H 2 O in the reaction mixtures improved the reaction as shown in Scheme 2. To optimize the reaction conditions, WK reaction of benzaldehyde and aniline with sulfur was carried out under various conditions. As shown in Table 1 , WK reaction of benzaldehyde and aniline with sulfur smoothly proceeded by the addition of Na 2 S·9H 2 O as the base catalyst. The yield increased with an increase in the base content, and 91% yield is attained at 15 mol% of Na 2 S•9H 2 O. The yield is comparable to reported yields for WK reaction using microwave tequnique. 6 Use of other base such as t-BuOK, DMAP, and Et 3 N gave thiobenzanilide in moderate (40-62%) yields. The reaction conditions of entry 9 in Table 1 have been applied for various aromatic amines and aldehydes, 9 and the results are summarized in Scheme 3 shows a plausible role of Na 2 S•9H 2 O in WK reaction. The suspension of elemental sulfur in the DMF solution of aniline remained unreacted because of the poor nucleophilicity of aniline. The addition of small amount of Na 2 S·9H 2 O into the reaction mixture of sulfur with aniline caused a color change of the reaction system; from pale yellow to deep blue. Therefore, the base catalyst is considered to initiate the nucleophilic cleavage of the elemental sulfur ring to give the polysulfide anions as depicted in Scheme 3.
There have been numerous investigations concerning the reaction of elemental sulfur in amines or ammonia, 11 however, the behavior and the fate of sulfur in those media have not yet been fully elucidated. From changes of the absorption spectra and conductivity of those media, Davis et al. suggested that the color change of the reaction media results from the formation of polysulfide anions and related ions generated by the initial nucleophilic attack of amines to the sulfur ring. Na 2 S·9H 2 O was also usable for the preparation of primary thiobenzamide. In contrast to extensive study on the reaction of elemental sulfur with ammonia, 11e only a few reports concerning WK reaction of benzaldehyde with ammonia were reported; the reaction gave thiobenzamide in moderate yield under microwave irradiation. The addition of the base catalyst was also effective for WK reaction of benzaldehyde with aqueous ammonia, 12 and the yield was improved as shown in Scheme 4. In summary, we succeeded in improvement for the preparation of thiobenzanilides and primary thiobenzamide by WK reaction under mild conditions. The base catalyst was applicable for the preparation of various thiobenzanilides, and the results will contribute to expansion of WK reaction. Please place the graphical abstract and short title of the article here. The short title will be used as a running header.
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